Approximately
half of the 3.5 million acres in the Black Hills of South Dakota and Wyoming is dominated by ponderosa pine (Pinus ponderosu) . The understory vegetation available to livestock and wildlife is strongly affected by this pine overstory. Timber management practices, while primarily designed to improve timber production and quality, exert a strong influence on the potential food supply for 60,000 to 80,000 deer and about 30,000 head of livestock.
Under present management practices, these forested fl ranges produce an estimated 80 to 90 percent of the deers' annual food supply and 10 to 15 percent of the livestock's annual food supply.
Thinning as a silvicultural practice has been extensively used in the Hills. During the 1930's approximately 250,000 acres of second-growth pine were thinned by the Civilian Conservation Corps. At present, about 3,500 acres are thinned annually by the Black Hills National Forest. Thinning of dense secondgrowth pine stands on private land is encouraged by partial payment of cost through the Agricultural Conservation Practices program.
An expanding pulpwood market may also increase commercial thinning in the near future. Figure  1 ). In 1956 a study was made to determine if there was a consistent relationship between the amount and kind of understory vegetation and density 'of crown canopy, basal area, and pine litter produced by pine stands.
The influence of the forest overstory on herbage production has been studied in recent years, particularly in the southern pine belt. Gaines, et al., (1954) found that herbage decreased on southern Alabama longleaf pine lands from 1,000 pounds per acre at zero basal area to 475 pounds at 110 square feet basal area, and then increased slightly as basal area increased further. Production generally tends to level off under the denser canopies (Halls, 1955; Gaines, et al., 1954) . Campbell and Cassady (1949) and Cassady (1951) found herbage production 5 to 10 times greater under very open Savannah-like longleaf pine than in well-stocked plantations or second-growth stands. Read (1951) found that "poor" hardwood forest stands on south and west exposures produced 53 percent more herbage than the "good" hardwoods on the better north and east exposures.
Study Area
The 
Met hods
Thirty-one sample areas were located on timber sites within commercial pine stands. Locations were selected on the basis All sample areas were located in even-aged second-growth ponderosa pine having but one distinguishable crown canopy level. None of the sample areas had been logged or thinned within the past nine years.
Herbage production by species was determined by the weightestimate method (Pechanec and Pickford, 1937) . Twenty 9.6-square-foot circular plots were used at each sample area. The plots were located at IO-foot intervals on two parallel lOO-foot transects.
The transects were spaced 10 feet apart. Composition was based on air-dry herbage production.
Crown density was determined with a "moosehorn" crown density estimator (Garrison, 1949) . Readings were made at the center of alternate 9.6-squarefoot plots.
Basal area of the ponderosa pine stand was determined with a Bitterlich stick at a point midway between the two transects culated values, with an error of by using the method described -5 to + 16 percent. by Grosenbaugh (1952) . Four Litter was collected from a of the 31 basal area values were one-square-foot sample at the compared to subsequently calcenter of alternate 9.6-square- foot plots.
This material was weighed in the field, and as with herbage, samples were taken for air-dry determination.
Litter included all unincorporated organic matter from the pine overstory, pine needles, cones, bark, twigs, and small branches up to three-fourths inch diameter. Herbage weights were transformed to logarithms, and statistical analysis followed Snedecor (1946).
as crown cover increased.
Although 2,160 pounds of air-dry herbage per acre was produced on clearcut areas, only 40 pounds per acre was produced under a crown cover of 70 percent (Fig.  2) . This relationship is expressed by the equation log Y =3.33545 -0.02466 X, where "Y" equals pounds of air-dry herbage per acre and "X" equals crown cover of the pine overstory in percent. The standard error of estimate was * 0.29806.
Resulfs
All groups-grasses, f orbs, and Herbage production decreased shrubs-increased as crown cover decreased (Fig. 3) . However, grasses showed the greatest response in pounds per acre to reduction in crown cover; they averaged 25 pounds under the densest pine stands compared with 1,730 pounds on clearcut areas. Forbs increased from 5 pounds per acre under the densest pine stands to 305 pounds in clearcut areas, while shrubs showed the least response, increasing from 10 to 125 pounds per acre.
(In constructing the family of curves in Figure 3 , shrub and forb curves were calculated separately and then summed. The difference between this sum and total herbage production represents the production of grass and grass-like plants.)
A 40-percent crown cover approaches a normally-stocked stand of post-sized timber. Under such a stand, total herbage production was 225 pounds per acre. Grass production was 170 pounds, forbs 25 pounds and shrubs 30 pounds per acre, airdry.
Herbage production and basal area also showed a logarithmic relationship (log Y = 3.22260-0.00936 X). Dense crown cover was generally associated with high basal area. While basal area ranged up to a maximum of 215 square feet per acre (one plot), the maximum crown cover (71 percent) occurred between 150 and 180 square feet basal area. Combinations of high crown cover and high basal area were always associated with low herbage yields.
Herbage production also decreased as pine litter increased (Fig. 4) . This relationship is apparently curvilinear, in contrast to the linear relationship found by Gaines, et al., (1954) The relative importance of species based on herbage produced changed as crown density increased.
Sedges produced 10.2 percent of the total herbage under light crown canopies, but accounted for 43.2 percent of the limited production under dense stands. Similarly, roughleaf ricegrass rose from 8.2 to 20.0 percent and Oregon grape from a trace to 5.0 percent. Less shade tolerant species such as Kentucky bluegrass, fuzzyspike wildrye, and prairie dropseed decreased in percent composition as well as in actual production. Forbs occupied an ever decreasing part of total herbage production as density of the pine canopy increased. (Hill, 1946) .
The response of shrubs to more open pine stands was less than either forbs or grasses. This may be due to lack of an adequate seed source, inherent slow growth of some species, intensive use by deer, and perhaps other causes. In an explanatory study on the effect of silvicultural thinning on deer browse in the Black Hills, Bever (1952) concluded that with browse plants, the principal increase in production comes from parent plants in the area at time of thinning. This study supports Bever's conclusion.
Absence of an adequate nearby seed source was thought to be a limiting factor in many cases. In such instances, thinning might have to be followed by planting of browse seeds or seedlings for maximum gains.
In the Black Hills, deer tend to winter at lower elevations but still within the ponderosa pine belt, generally preferring south and west slopes. These slopes, while of great importance to the wintering deer herds, are among the least productive for timber. Thinning such second-growth timber stands to and perhaps beyond accepted silvicultural standards appears to be one way of increasing the forage supply on critical deer winter ranges.
Summary
Herbage production was determined under ponderosa pine stands in the Black Hills in 1956. A logarithmic relationship was found between total herbage production and pine crown canopy, basal area, and pine litter. Total herbage production ranged from 40 pounds per acre air-dry under a 70 percent crown canopy to 2,160 pounds on clearcut areas. Grass, forb, and shrub production on clearcut areas was 1,730, 305, and 125 pounds per acre, air-dry, compared with only 25, 5, and 10 pounds under dense unthinned stands, respectively. Under thinned stands with a present crown canopy of 40 percent, grass, forb, and shrub production was 170, 25, and 30 pounds per acre, respectively.
Kentucky bluegrass, the heaviest producer under open stands and in clearcut areas, decreased both in pounds per acre and in relative importance as pine crown cover increased, as did little bluestem, prairie dropseed and fuzzyspike wildrye. The more shade-tolerant roughleaf ricegrass and sedges decreased in total herbage but increased in relative importance.
Bearberry, common juniper, and snowberry were the most abundant shrubs. Bearberry produced more pounds of browse than any other shrub under pine canopies of 0 to 40 percent. Common juniper was more persistent under denser pine canopies. Snowberry decreased gradually in production but increased slightly in relative importance as crown density increased.
Basal area ranged from 0 to 215 square feet per acre, crown cover from 0 to 71 percent, and pine litter production from 0 to 19 tons per acre.
Thinning immature pine stands on critical deer winter range to and beyond accepted silvicultural standards appears to be one way of increasing the forage supply.
LITERATURE CITED
BEVER, WENDELL. 1952. The effect of silvicultural practices on the production of deer browse.
